This operating manual, Open-file report 85-961, is meant to assist USGS field personnel in trouble-shooting and servicing the Digital DataCollection System components and not to delve directly with the inner workings of the basic electronics. Field repair and calibration of the electronic boards and circuitry is not done. Should more details be required concerning the schematics on pages 33 through 39, contact the authors at the Hydrologic Instrumentation Facility. 
INTRODUCTION
This manual was written to help the user operate and maintain the digital data-collection system for flow-control structures. The system 1s used to measure dally discharge through river-control dams. These dams commonly have talnter gates which are raised and lowered to keep the upper pool level relatively constant as the river flow changes. In order to measure the flow through such a structure* the positions of the talnter gates and the headwater and tallwater elevations must be known. From these data, the flow through the structure can be calculated. A typical digital data-collection system 1s shown 1n figure 1. Digitizing devices are mounted on the hoisting mechanism of each gate, as well as at the headwater and tallwater gages. Data from these digitizers are then routed by electrical cables to a central console where they are displayed and recorded on paper tape. If the dam has locks, a pressure-sensitive switch located 1n the lock activates a counter 1n the console which keeps track of the number of times the lock 1s drained and filled.
OPERATING INSTRUCTIONS

On/Off Switch
The on/off switch ( fig. 2 ) controls both the dc and ac power to the console. In the on position, dc power from the batteries supplies the console electronics while ac power 1s used to float charge the batteries. The pilot light above the switch will be on 1f the console 1s connected to 110-volt ac power. Note that unplugging the console's ac power cord does not turn off the console because of the battery standby. The on/off switch Must be used to turn off the console.
Advance and Reset Switches
These two switches are located just below the digital display on the console ( fig. 2) . A duplicate set 1s found on the lockmastep's remote display. These switches let the user view the data on a desired channel. The display above these switches 1s divided Into two parts: the left two digits give the channel number, and the right four digits give the data 1n that channel. The channel Indicator will advance to the next channel when the advance switch 1s pressed. The reset switch 1s used to return to channel 0. When the punch cycle or telemetry 1s 1n progress, these two switches are Inoperative, and the Interrogate (telemetry) or the punch-cycle Indicator light will be on. 
Setting the Clock
Before setting the clock* the console should be turned on and the channel display should be on 00. The data digits now represent the time In hours and minutes on a 24-hour clock ( fig. 2) . To set the clock* proceed as follows:
1. Press the clear switch.
2. Press the fast-advance switch and hold In until the hour digits read the proper value. Remember* this is a 24-hour clock.
3. Press the slow-advance switch until the desired minutes are reached. If the desired time is overshot, return to step 1.
4. The hold switch is used to set the clock to the exact second. When pressed, time is held and the seconds are set and held at zero until the switch Is released. Exactly one minute after this switch Is released the minute digit will advance.
Loading Paper Tape
Refer to the instruction manual for the Leupold and Stevens model 7001 paper-tape punch. The recorder is in the top console drawer. CAUTION; If the paper tape 1s changed while the console Is on, keep hands and fingers away from the gears. The console could suddenly enter a punch cycle.
After loading the paper, It is usually desirable to punch some feed holes In the tape. To do this, press the manual-punch switch located Inside the top drawer of new consoles and on the front panel of older consoles ( fig. 2 ). This will Initiate a complete punch cycle and enter the parameters punched at your Installation. If more holes are desired, press the button again. It Is recommended that the paper-advance button on the Stevens recorder not be used as It may cause the recorder to stop in the wrong position, producing an error In the first data recorded. If the manual-punch switch is depressed for more than 60 seconds, a safety circuit will stop the recorder. The only way recording can be resumed 1s to turn the console off for about 10 seconds and then turn 1t back on. The purpose of the safety circuit is to prevent the recorder from running continuously In the event of a circuit-card failure.
Setting the Record Interval
The record Interval is set by a jumper plug on the clock card (card 1). Schematic diagrams of cards 1, 5, 9, 13, 15, 17, and 21 are included in the appendix. To change the record Interval:
1. Turn off the console power. CAUTIONi Cards may be damaged If removed or replaced while power is on.
4. Move the jumper to this position.
5.
Return the card to the rack making sure the red card handle 1s at the top of the rack. CAUTION; Inserting the card with the white handle up will destroy the card. Figure 3. Clock-card record-Interval setting.
Punch On/Off Switch
The punch-cycle on/off switch Is located In the back of the console on card 21. If the switch Is In the down (off) position, the recorder will not punch. If It is in the up (on) position, the recorder will punch normally. This switch can be changed while the console is on without removing card 21. This switch does not affect any other console operation.
Manual-Punch Switch
In the newest console models, the manual-punch switch is located inside the top drawer to prevent inadvertent manual-punch cycles. Its purpose is to allow the operator to check the punch operation while servicing the console. It should only be used when the paper tape record is being removed and restarted.
If the manual punch is activated during the middle of a data record, the block of data punched on the recorder tape will be tagged with the correct time of day. However, that block of data now occupies the space on the tape that was intended for the next automatically-sequenced punch cycle. Thus, all subsequent blocks of data punched on the tape will be physically displaced by this amount of space, and the time scale (as read from the tape) will be similarly displaced. 1. The desired channel number is sent from the programmer (card 21) to the multiplex (card 13) which has a relay-drive transistor for each digitizer.
2. Card 13 decodes the channel number and turns on the proper relaydrive transistor.
3. The relay-drive transistor in turn activates the relay on card 15 for the proper digitizer, which grounds the enable-line of the selected digitizer.
4. The grounded enable line sets up an electrical path via each data line for which there is a closed switch in the selected digitizer. 5. Current from the V2 power supply in the console can now transverse activated data lines, each one of which terminates at its own optical coupler on card 17 in the console.
6. At card 17, the current signal passes through a light-emitting diode (LED) which illuminates a phototransistor.
7. Each transistor so activated delivers a signal over the appropriate buffered data line to cards 5 and 9.
8. From card 5, the data are sent on command from the programmer (card 21) to the punch solenoids causing holes to be punched in the 16-channel paper tape for each digitizer switch that has been found closed.
9. From card 9, the data are sent to the displays on the front panel of the console as well as to the lockmaster remote display. Also from card 9, data are sent to telemetry plug, J8, on the rear of the console.
Note in figure 4 that a diode is placed in each data line in each digitizer. The diode acts as a one-way flow valve and keeps the current flow in an energized data line from getting into an unenergized digitizer's enable line. Thus, the only time current can flow through a digitizer's switch from a data line is when that digitizer's enable line is grounded, providing a return path for the current. Any return path by way of another data line has been cut by the reverse blocking action of the diodes.
Punch Cycle
The programmmer (card 21) is the "brain" of the console. It controls the punch operation, manual advance and clear switches, and the telemetry access. The schematic diagram is presented in the appendix to help clarify its operation.
A punch cycle is initiated by a pulse from the clock which turns on a punch-cycle flip-flop. If the telemetry (TM) is not on, this punch-cycle signal resets the channel counter to zero and prevents further operation of the manual advance and clear switches. If the punch is ready to punch, that is, the motor is Off (recorder pin 2 is low), punch-coil 1 of the latching relay is activated, which pulls the relay to the punch position. The punch motor then runs until the switch in the analog digital recorder (ADR) goes to the reset position, which causes signal M (ADR pin 4) to drop low in voltage while ADR pin 2 is still high. This sequence of events causes a pulse on coil 2 of the relay, which pulls the relay to the reset position. At the same time, the channel counter is advanced by one.
If the punch cycle is still on after the ADR resets, the punch relay coil 1 will once again be activated causing the process to repeat. Thus, the punch and channel counter will continue cycling until the punch-cycle signal is turned off by a stop signal from a selected channel enable line on card 13. This stop signal also resets the channel counter to zero. The desired stop channel is determined by a jumper wire on the back of card 13. If the programmer fails to receive a stop signal, a one-minute punch-limit circuit will stop the recorder. However* the programmer will then be locked up and neither the manual channel switches, the TM, nor the next record cycle can function. (See section 2.4.)
Channel Control
The channel number is generated by two binary-coded-decimal counters on card 21. The channel counters are incremented each time the advance switch on the console or the lockmaster f s remote display is pressed. The clear switches reset the channel counter to 00. When the punch cycle starts, the advance and clear switches are locked out and the channel counter is cleared. As each parameter is recorded, the channel number is incremented. Upon completion of the record cycle, the channel counter is reset to 00 and control is returned to the advance and clear switches. The channel number is sent from card 21 to the multiplex (card 13), where it passes through a data selector. The data selector accepts the program-card channel number if the telemetry is turned off. If the telemetry should be on, however, a channel number from telemetry plug J8 is accepted instead. The accepted channel number then goes to the channel displays by way of 12-volt to 5-volt buffer chips. It also goes to decoding circuitry on card 13 which turns on the relay driver for that channel. These activate the enable-line relay for that channel.
Dummy Channel
The dummy channel data are set by diodes located on modules plugged into sockets 7 and 8 on card 9. The dummy functions exactly as a digitizer with fixed switches. For one bit on a particular data line, a diode is soldered from that data line to the dummy enable line. For no value, the diode is omitted. Thus, the dummy data can be changed by adding or clipping diodes on card 9 (sockets 7 and 8). The channel number of the dummy is controlled by a wire-wrap wire on the rear of the card rack. (Contact the HIF if any change is necessary.) The purpose of the dummy channel is to separate data blocks on the paper tape with a known value and to make the number of recorded parameters fit the available types of paper tape.
Clock Card
Two different time-card types have been used in the console. These cards are interchangeable and provide the same basic functions. Both circuits employ a 32768 Hz crystal oscillator. This frequency is counted down to 2 Hz and then divided by 120 to give 1 pulse per minute. The 1-minute pulses are then fed to a binary-coded-decimal counter which counts from 00 to 59 minutes. When the counter reaches 59, the next count activates a reset circuit which sets the counter back to 00 and causes a BCD hours counter to be incremented. A similar circuit on the hours counter resets it on the next count after 23. An output-pulse circuit monitors the hour values and upon reaching the punch time sends a pulse to the programmer card to start the data-recording cycle. The outputs of the binary-coded-decimal minute and hour counters are sent to card 5, and if the channel number is zero, card 5 puts them onto the buffered data 1ines. From here, the time data goes to the displays or telemetry by way of card 9 or to the recorder by way of card 5.
Lock Counter
Two lock-counter Input jacks are on the rear of the console. The jack labeled J5 is for a large lock* and the jack labeled J6 1s for a small lock. The small lock circuit causes the lock counter to count once when the lock is emptied, while the large lock circuit counts once when the lock is filled and again when it is emptied. Figure 5 illustrates the counter circuitry. When a pressure switch in a lock is closed* current flows through a dropping resistor on card 9, to the switch in the lock, through the switch, and back to card 9, where it flows through an LED optical coupler. The optical coupler output relays this signal to a pulse circuit, which sends a pulse to the solenoid drive circuit. For the large lock, the pulse is sent both upon switch opening and closing. For the small lock, the pulse is sent only upon switch closing. The pulse is amplified by the solenoid drive circuit and sent to the solenoid in the lock-counter digitizer in the top drawer. This causes the digitizer to advance one count.
Power Suppl ies
The console's three power supplies are: The VI that powers the logic on the circuit cards, the V2 that powers the digitizers, and the 5-volt supply that powers the displays on both the console and the lockmaster's remote display. The V2 power supply was added to the system to isolate the digitizer cables running to the console from the logic circuits. This isolation is necessary because the long cables connected to the console often pick up transients that can destroy integrated circuit (1C) logic chips. Data pass between the V2 and VI systems by way of optical couplers and relays, affording several thousand volts of isolation between the two systems. The 5-volt supply is derived from the VI supply by a regulator in the bottom drawer of the console. The 5-volt output of this regulator is then routed to cards 9 and 13 and the displays. Figure 6 shows how the supplies are connected and the location of the fuses in the system. For more information on the charger regulator used to charge the VI and V2 batteries, see the operating manual for the USGS regulator.
Telemetry
The telemetry channel is accessed through jack J8 on the rear of the console. The telemetry device must supply a telemetry request signal to pin 17 of J8, along with eight channel-number signals in binary-coded-decimal digits. The programmer (card 21) will wait for the completion of any record cycle in progress, then it will turn on the telemetry and send a telemetry on signal to J8, which lets the telemetry device know that it has access. At the same time, the data for the requested channel are made available at telemetry jack J8 by way of drivers on card 9. Once access is gained, the telemetry device can keep sending channel numbers to the console until all the required data are obtained. When the telemetry device is in control and a record cycle is started by the clock or manual-punch switch, the record cycle will be held until the telemetry finishes. If the telemetry takes more than about 30 seconds, 1t will be terminated by the program card* which prevents a stuck telemetry device from halting the record cycle. The switch operation for channel advance and reset is also halted while the telemetry is in control. All voltages for the telemetry signal are referenced to the VI supply (12 to 15 volts). Any telemetry device should have its outputs referenced to the same supply to prevent logic interface problems. Contact the HIF before connecting any telemetry devices so that compatibility can be checked. Telemetry connections are listed in table 1. 
Troubleshooting Procedure
When the digital data-collection system malfunctions* determine whether the trouble is in the console, cables, or digitizers. Start the performance check with the console where it is easiest to verify proper system operation. Note the kind of problem you are having. If the console is punching and displaying the correct data at the wrong time, the trouble is in the console. Refer to section 4.4, Changing Console Circuit Cards. However, if erroneous data are being recorded, refer to section 4.2, Console Testing Using the Test Box. Table 2 lists many common problems and recommends various tests to help diagnose the trouble. 1. Verify that the console has 110-volt ac power. The light above the on/off switch will be lighted when the switch is on.
2. Remove connector plugs from jacks Jl through J6 and J8 on the console back panel.
3. Connect the test-box cable plug to jack Jl on the console.
4. On the front panel of the console* select channel 1 by pressing the advance switch once.
5. Select channel 1 using the rotary switch on the test box. Leave the test-box toggle switches as set* and advance the display on the console to channel 2. Repeat the operation of the test-box rotary switch. Advance the display one channel at a time for all channels except time* locks* and dummy* and repeat operations of the rotary switch. If the data fail to display or display on a wrong channel, the multiplexer (card 13) or the relay (card 17) are defective. Refer to section 4.4.
Testing the Power Supply
Refer to section 3.7 and figure 6 for an operational description of the power supplies. If the VI supply is low, the recorder motor will run slowly. If VI has totally failed, the console will appear dead. Failure of the V2 supply will cause the data from the digitizers to read zero. Instructions for the rechargeable power supplies used in the console can be found in the USGS operating manual for the regulator. The test procedures below will determine whether there is power supply trouble and the nature of the trouble.
1. If the console has been plugged into 115-volts ac power, and turned on for 48 hours, the batteries should be fully charged, and the full-charge indicator lamps in the VI and V2 regulators in the bottom drawer should be lit. Proceed to step 4 if both charge 1ights are 1 it.
2. If neither charge indicator is lit, check the pilot light above the on/off switch. If it is out, the console is not receiving 115-volt ac power. The 115-volt ac fuse on the front of the console may be blown or the indicator lamp may have failed. When the line power is working, voltage should be present at the wall charger sockets in the center drawer. Feel the wall chargers. If they are warm, they are getting power. Also, a lamp can be plugged into the wallcharger socket to determine if it is getting power. Fix any problem here before proceeding.
3. Turn off the console and disconnect all circuit cards by pulling them out about one inch until they no longer contact the connector in the card rack. Remove the lead from the battery of the regulator that does not have the indicator lit. Turn on the console. The regulator indicators should now light. If they do not light, the charger or the regulator is probably defective. Fix the problem before proceeding further.
4. With the charge indicators lit, check the voltage at the 12-volt output of each regulator box. The voltage should be 13.7 to 13.8 volts at room temperature (25° C). A colder temperature will cause the voltage to be higher, while a wanner temperature will cause it to be lower. Readjust or replace the regulator if incorrect voltage cannot be corrected. 5 . If the cards were disconnected in step 3, turn off the power, reinsert the circuit cards in the rack, and reconnect any battery leads that were removed.
6. With the console turned on, unplug the 115-volt ac line power. Read the displays and press the manual-punch switch. The recorder should cycle, and displays should light reflecting channel and data. If not, check the 12-volt outputs from the regulators. Both VI and V2 should be more than 12 volts. If the recorder is cycled, the VI supply should remain above 12 volts. If these voltages are low, the battery is either not charged or is defective. If no voltage is on the regulator output, the fuse in the regulator may be blown. Replace batteries and fuses as necessary. Reconnect the console to 115-volt ac power.
7. If the displays fail to light, the 5-volt fuse could be blown. It is located on the 5-volt regulator in the bottom drawer, right rear. The output from the 5-volt regulator can be checked on test lugs marked 5V and GD on terminal strips 5 and 6 located inside the door at the back of the console. Connect the red lead of the voltmeter to the terminal marked 5V, and connect the black lead to the terminal marked GD. The meter should read 5 volts with the display off or on.
8. If the batteries don't stay fully charged and these checks reveal no problem, bad circuit cards may be using more power than they should. Try changing the cards as outlined in section 4.4.
Changing Console Circuit Cards
Turn off the power switch on the console front panel and remove all cards from the card rack, and place them so that they will not become mixed with the spare card set. (Mixing the two card decks is easy and casts doubt on which are the original cards and which are the spare cards.) Install the spare card set "red handle" up. On card 21, ensure that the toggle switch is in the up position. Prior to installation, tap card 21 sharply on its white-handle edge to ensure that the mercury in the relay is not shorting across the relay contacts as this would cause the recorder to run continuously. Ensure that the cards are seated properly in the connector of the card rack. Some cards do not have a slightly tapered edge connector, and they are difficult to seat completely in the rack. Filing or sandpapering the rough edge of the connector tip is sometimes necessary for proper card insertion. Do not file or sandpaper the contacts. Clean any dust from the connector. Turn the console back on to see if the problem has been resolved. If it has not, check the card-rack wiring as outlined in section 4.5.
Checking the Card-Rack Wiring
If the console is still not working after changing the circuit cards (section 4.4) and checking the power supplies (section 4.3), an inspection of the orange wire plugs at the rear of the card rack is in order. This can be done from the front or the rear of the console. Exercise care so that adjacent plugs are not loosened or inadvertently pulled from the card-rack pins. If a plug has come off, check the small identification tab on the wires to that plug to see on which pins the plug is to be installed. The pins must be counted up or down the card rack to find the proper location because only the top and bottom card-rack pins are numbered. The pins for each card slot are numbered (even in one column and odd in the adjacent column). The identification tabs on the plug wires show numbers such as 1-54/68* which means card-rack slot 1, pins 54 through 68 inclusive. Make sure all of these plugs are pressed firmly onto the card-rack pins. After tightening the plugs try the console again. If the problem persists, there might be a bad card in the spare card set or a chassis wiring defect. If wiring is the problem, more extensive troubleshooting is required, and it may be necessary to contact the HIF for assistance.
Testing the Recorder Solenoids
The solenoids located behind the punch pins in the recorder determine which holes are punched in the paper tape. If the displayed data are correct, but the recorder is punching wrong, the recorder solenoids may be at fault. Test as follows:
1. Turn on the console, making sure the recorder and the circuit cards are piugged in. 
Testing Digitizer Diodes
Each digitizer has 16 diodes, one for each data line. Diodes are used 1n the digitizers to Isolate the data lines from each other. Otherwise all data lines connected to closed switches 1n a digitizer would effectively be connected to each other. For a further explanation, see section 3.1. A defective (Internally shorted) digitizer diode will cause a break down in the data-line isolation. The result 1s that when a data line 1s pulled low by an enabled digitizer, its low signal passes improperly through an unenabled digitizer's shorted diode and switch pulling the unenabled digitizer's enable line low. The result 1s that two digitizers are turned on at the same time, resulting in an illegal character or too large a data number. Interestingly enough, a digitizer with a shorted diode will read correctly since a shorted diode only causes other digitizers to read wrong. This problem may appear intermittently since it only occurs when the digitizer switch connected to the shorted diode is closed. Thus, 1f the switch opens because the digitizer reading changed, the problem could disappear until that switch is closed again.
On the other hand, an open diode or an open switch will cause a digitizer to be minus the data bit. For example, if a true digitizer reading is 77.77 and the diode or switch connected to the 2 data line is open, the console will be minus the 2, and the reading will be 2 less, making it read 75.17. Note that an open data line would also cause the problem. To test for this, see section 4.8.2. To test for open or shorted diodes, proceed as follows:
1. Remove the diode modules from the sockets located on the printed circuit card in the digitizer. This is best done by prying the module from the socket with a small screwdriver. Pulling the module by hand will bend the module pins.
2. Set a volt-ohmmeter to R x 100 ohms if using an analog meter, or the 1-megohm position if using a digital multimeter.
3. If the ohmmeter has a special diode-checking position, 1t should be set on that position since normal ohm reading positions on this type meter will not test diodes.
4. Connect the meter to the first diode in the package as shown in figure 7a . The meter should show a low reading (usually less than 3000 ohms). The reading will vary with the brand and type of meter used. Repeat the test for the other diodes in each package. Any diode that reads high is open and must be replaced.
5. Now reverse the meter leads connecting the meter as shown 1n figure  7b . The meter should now show a high value (greater than 100,000 ohms). Be careful to hold the test leads on the insulated part of the probes. Repeat this test for all of the diodes. If any diode shows a reading lower than 100,000 ohms, it is shorted and must be rep]aced. Figure 7 . Electrical hookup for testing diodes. 6 . When the modules are tested and repaired if necessary* reinstall them, making sure the modules are inserted with the striped ends of the diodes down. Installing a module upside down will cause bad data throughout the system.
7. If diode trouble is suspected or if any bad diodes have been found, the diodes in all the digitizers should probably be tested including the headwater, tail water, gate, and lock-counter digitizers.
Testing Cables External to The Console
Using the Test Box at the Console
This test locates shorted cables. The symptom of a shorted cable is that the data on the recorder and the console display are larger than they should be. Make sure the console is working properly (section 4.2), then use the following procedure to find shorted cables:
1. Plug in the headwater, tailwater, and gate-digitizer plugs at the console (jacks Jl, J2, and J3).
2. Unplug all the digitizers (headwater, tailwater, gates, and lock counter) at the digitizer.
3. Connect the test box to the large cable of the lock-counter digitizer in the top drawer of the console.
4. Put all the test box switches in the down, OFF, position.
5. Advance the display to channel 20. The display reading will depend on whether any lines are shorted to ground, and how many. If the display reads all zeros, no data line is shorted to ground. If a short is found, proceed to step 8. If there is no short, perform step 6.
6. Press the reset switch and then the advance switch until the display-channel indicator indicates the lock-counter channel. (The advance switch must be held in continuously after the lock-counter channel is reached for the display to remain on long enough to be observed.) In sequence, switch the test-box toggle switches on and off, until all switches have been tried in both positions. If two data lines are shorted together and the switch for either of the shorted lines is turned on, the display will indicate the value of the two lines added together. If the shorted lines are associated with the same display digit, that is, if the 0.01 and the 0.04 data lines are shorted together, the display will reflect 0005. If two digits appear, the lines shorted together are data lines connected to separate digits. Thus, if the display reads 0802, the 8 line of the ones digit is shorted to the 0.02 line of the hundredths digit. 8. If a short is Indicated* the next task is to find the faulty cable. Unplug the head and tail water cables (jacks J2, J3) at the console. 3. If one or more parameters constantly read 0000 for any digitizer data, the enable line to the channel's digitizer is probably open. Proceed to step 10 to find the problem.
4. To troubleshoot a channel that is reading low, connect the test box in place of that channel's digitizer. If more than one channel reads low, use the digitizer that is closest to the console.
5. On the test box, turn on each of the data switches one at a time and observe the console readings. If the console display reads correctly, the digitizer is probably bad. If the console reads 0000 for a data switch turned on, the problem is a broken (open) wire for that data line between the test box and console.
6. With the test box connected, the switch for the bad data turned on, and the console set to read the bad channel, proceed with a voltmeter to the junction box of the bad channel. Referring to figure 8, illustration B, connect the negative lead of a voltmeter to a ground or shield pin on terminal strip C inside this junction box. Connect the positive lead to the terminal for the bad data line. These are terminals Al through A12 and terminals Bl through B4. For example, 1f the 20 line was bad, the voltmeter should be connected to terminal B2. 11. Set the console channel to the bad channel and the test box data to 0000 (all switches off). This causes all of the data lines in the system to go high and the enable line for the bad channel to go low.
12. Proceed with a voltmeter to the junction box nearest to where the test box is plugged in. Connect the voltmeter from Al (positive lead) to the enable line for the channel you are testing ( fig. 8,  illustration B) . If the meter reads over 10 volts, the enable line to the console is good and the digitizer cable or plug is bad. If the meter reads less than one volt, there is a break in the enable line between the junction box with the voltmeter and the console.
13. Proceed to the next junction box (closer to the console). Check the voltage as in step 12. If the meter reads more than 10 volts, the enable line to the console is good. If the reading is less than one volt, the enable line is broken (open) between the junction box you are checking and the next one further away from the console.
14. Repeat step 13 until you find the section of cable with the open enable line. Replace or repair the cable as necessary. Refer to section 4.8.4 for further help in testing the cable.
Testing a Cable with an Qhmmeter for Shorts
Use the following test to locate a short in a cable.
1. Unplug all connectors (console and digitizers) on the suspect cable.
2. Set the volt-ohmmeter to the ohms position and select R x 100 ohms for an analog meter. Use the 10-kilohm scale for a digital meter.
3. Locate the cable wiring diagram for the installation under test.
4. Proceed to the console plug or the first junction box on the suspect cab! e.
5. If a previous test or the symptom has indicated which lines may be shorted* connect the ohmmeter across those lines. If a reading of less than 10*000 is found* proceed to step 8. A reading of more than 10*000 indicates these lines are not shorted. Go to step 6 to test the other lines.
6. Connect the black (-) lead of the ohmmeter to the 0.01 line; touch the red (+) lead to each higher numbered line in sequence, that is 0.02* 0.04* etc. If the meter indicates a reading of less than 10*000 across any pair of the lines, a short has been found. In that event* proceed to step 8. An exception is the ground lines which are tied together in the console plug and the gate junction boxes. The meter will read a short when connected across any two of these 1ines. 8. With the ohmmeter leads across the shorted lines, read the meter carefully. If the meter reads low on its scale, change the range switch so that the meter can be read more accurately. If the reading is low (less than 100 ohms), there is probably a direct short. If the reading is higher than 100 ohms or unstable, the problem may be water in the cable, junction box, or digitizer plug.
9. Try measuring the short at several junction boxes along the cable and carefully note the ohmmeter readings. The location with the lowest reading should be closest to the short.
10
. If the problem is in a gate cable, go to a junction box halfway down the line of gates and disconnect the shorted leads from the terminal strip. Take an ohmmeter reading on the wires leading to the console and then on the wires going farther out on the dam. The short is on the side that has the lowest ohms reading.
11. Now proceed to a junction box halfway down the shorted side of the cable. Again, disconnect the shorted leads from the terminal strip and take ohmmeter readings on the wires as before. The short lies on the side that has the lowest ohms reading.
12. Repeat step 11 until the shorted section of cable has been isolated. Repair or replace this section of cable as necessary. Before operating the console, reconnect all wires that were removed from terminal strips in the preceeding tests. Either of the two wires shorted in the foregoing test sequence can now be shorted in turn with all other wires in the cable. The shorting is done at one end of the cable with the ohmmeter connected in turn to each pair being tested at the other end of the cable. If the ohmmeter reflects a low ohms reading, the tested pair is good. Make an ohmmeter check at each gatedigitizer plug to ensure that all branch cables are good ( fig. 8a) . The basic method of first finding two good wires in a cable system and then using either of these good wires to individually check all other wires is applicable to any cable or cable system.
15. If Incorrect operation was observed 1n any of the above steps, the lock-counter digitizer or the lock-counter circuit 1s defective. Make sure that the 4-p1n plug on the side of the digitizer 1s connected. Check the solenoid Inside the digitizer for possible binding. The plunger on the solenoid can be pushed 1n by hand, and the digitizer should count when it 1s released. Next try replacing card 9, which contains the lock-counter circuitry. (See section 4.4 for card-changing directions.) If the problem still persists, check the console card-rack wiring as described in section 4.5.
Testing the External Lock Cable and Switch
This test is used to determine whether the lock cable or the lock switch is shorted or open.
1. The following tests are made on the external lock-counter plugs and cables while they are disconnected from jacks J5 and J6 on the rear of the console.
2. Connect an ohmmeter between pins 1 and 2 of the plugs on the cable coming from the lock-pressure switch.
3. The pressure switch should be closed 1f the lock is empty and open if the lock is full. The ohmmeter should show continuity (less than 100 ohms) 1f the lock is empty and Infinity (over 10,000 ohms) if the lock 1s full.
4. Operate the lock switch and observe the ohmmeter for the correct reading as described in step 5. The lock switch can be operated manually by pressing on the diaphragm, raising and lowering 1t in the water, or by draining and filling the lock with the switch installed. Be sure to test the switch at least once 1n each position.
5. Connect the ohmmeter from pin 3 to pin 2. The meter should Indicate more than 10,000 ohms. Now check from pin 1 to pin 3. The meter should Indicate more than 10,000 ohms. If less than 10,000 ohms is read, the cable either has a short from the conductor to the shield or water has penetrated the cable. Repair or replace as necessary.
6. If your Installation has two locks, repeat the above test on the other lock f s cable starting with step 2.
The Recorder-Brake Circuit
The recorder-brake circuit 1s on a small circuit board attached to the recorder's terminal strip. This circuit causes the recorder motor to be electronically braked when power 1s removed from the recorder motor. If this circuit falls, the recorder could coast with power removed Into the beginning of the next punch cycle. Later, when the next punch cycle starts, the recorder will be ahead of where 1t should be causing some of the data (usually the time punch) to be missed. A bad brake will also cause the recorder's punch cycle to have an Irregular sound with the recorder pausing between punches. Check the brake as described in the following section. 2. Look at the mlcroswltch that rides on the recorder's cam. The recorder should stop with the switch's actuator on the high part of the cam, and the actuator should be no more than three-sixteenths of an Inch from the edge of the cam's notch. If the recorder did not stop within the specified three-sixteenths of an Inch, replace the brake circuit. 
